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(57) Abstract 

The present invention comprises a catheter and method of manufacture. The catheter includes an elongated core having a unitary 
lubricous liner and a reinforcement means. The lubricous liner defines at least one lumen. The lubricous liner has the reinforcement means 
over its outer diameter and fused to the lubricous liner. The reinforcement means terminates proximal to the distal end of the lubricous 
liner. The catheter also has an elongated shaft tube which defines a shaft cube lumen. The shaft tube lumen is sized to receive the core, 
the core which extends longitudinally through the shaft tube lumen. The shaft ftjbe is fused to die core. The catheter also has an elongated 
transition mbc which defines a transition lube lumen. The transition tube lumen is sized to receive the cone which extends longitudinally 
through the transition tube lumen. The distal end of the shaft tube is fused to the proximal end of the transition tube. The transition tube 
made of softer material than the shaft njbe and is fused to the core. The catheter further includes an elongated tip tube made of softer 
material than the transition njbc. The tip tube defines a tip tube lumen sized to receive the core which extends longitudinally throughout 
the tip tube lumen. The distal end of the transition Ojbe is fused to the proximal end of the tip mbe. The tip tube is fused to the coie distal 
the distal end of the rtinforcemeni means, the distal end of the tip tube fomiing a rounded edge which overlaps the distal end of the 
lubricous liner by about .5 mm such that the distal end of the lubricous liner is not exposed. 
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core which extends longitudinally through the shaft tube. Imneii, rtThc shaft tube is 
fiised to the core. The catheter also has an elongated transition tube which 
defines a transition tube lumen. The transition tube lumen is sized to receive the 
core which extends longitudinally dirough the transition tube lumen. The distal 
end of the shaft tube is fiised to the proximal end of the transition mbe. The 
transition tube is made of softer material than the shaft tube and is fused to the 
core. The catheter fiiither includes an elongated tip mbe made of softer material 
then the transition mbe. The tip mbe defuies a tip mbe lumen sized to receive 
the core which extends longiwdinally throughout the tip tube lumen. The distal 
end of the transition mbe is fiised to the proximal end of the tip mbe. The tip 
mbe is fiised to the core distal to the distal end of the reinforcement means, the 
distal end of the tip mbe forming a rounded edge which overlaps the distal end of 
the lubricous liner by about .5 mm such tiiai the distal end of the lubricous liner is 
not exposed. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE I is the pteassembly plan view of the distal end of a guiding 
catheter prior to the outer jacket molding process; 
FIGURE 2 is the molded assembly of Fig. 1; 

FIGURE 3 is the is a cross-sectional view of the distal tip of the molded 

20 assembly of Fig. 2; 

FIGURE 4 is the plan view of the distal end of a guiding catheter prior to 

the soft tip formation process; 

FIGURE 5 is the molded assembly of fig 4; and 

FIGURE 6 is a cross-sectional view of the distal tip of the molded 

25 assembly of Fig. 5. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention addresses the problem created by the trend toward 
catheters with larger inside diameters and softer distal tip segments. Soft tip 
guiding catheters are desirable because tiie gentle ostial engagement is less 
30 traumatic. Soft tips provide a coaxial fit in all anatomies to allow for improved 
device delivery by mainuining a rounded tip shape which adapts to different ostial 
take-offs. Larger lumens are desirable because they permit more dye How and 
offer more device delivery options. The trend toward catheters witii larger inside 
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diameters and softer distal tip segments results in a substantially weaker bond 
between the soft tip and the distal end of the catheter shaft due to thin catheter 
shaft walls of less than 0.3 mm and to the lower tensile strength of the softer tip 
materials. Applicants address the problem of bond strength between segments and 
5 that of achieving greater lumen lubricity by extending a unitary liner throughout 
the shaft, transition tubing and soft tip segments, the liner being made of a 
fluoropolymer such as TEFLON® fi-om E.I. Du Pont de Nemours & Company. 
Wilmington, Delaware. TEFLON® which is a form of polytetrafluoroethylcne 
(PTFE). To mainuin a soft tip, the TEFLON® is shielded from conuct with the 

10 vessel wall by using heat shrink tubing in a heating process to draw the distal end 
of the soft tip material over the exposed TEFLON® liner. 

Manufacmring applicant's thin wall guiding catheter consists of two major 
processes, outer jacket molding and soft tip formation. Fig. 1-3, represent 
applicant's assembly for molding the outer jacket to the braided TEFLON® core 

15 material. Figs. 4 -6 represent applicant's assembly for forming the soft tip. 

Referring to Fig. 3 which depicts the molded assembly, the shaft of the thin 
wall guiding catheter for outer jacket molding is assembled as follows. Slide the 
TEFLON® liner 40 over a stainless steel mandrel 30 (not shown in Fig. 3). The 
mandrel 30 may optionally be TEFLON® coated. Next, braid wire 35 over the 

20 TEFLON® liner 40. The mandrel 30 has an outer diameter of approximately .001 
inch less than the inner diameter of the TEFLON® liner 40. The mandrel 30 is 
used for support. TEFLON® beading could be alternatively used for support. 
After the catheter shaft is assembled, the support will be removed. The 
TEFLON® liner 40 provides a lubricous surface which aids device delivery by 

25 providing a low friction mierface. This is especially important for the smooth 
passage of large, non-balloon devices which may not conform as readily to 
guiding catheter curves. The TEFLON® 40 enhances device delivery with less 
device "capttire" while ensuring circumferential integrity. 

Wire 35 is braided by means of a conventional braiding machine over the 

30 TEFLON® liner 40 as shown in Fig. 3. The wire braid 35 is advantageous 

because it reinforces and supports the large lumen for thin wall guiding catheters. 
The wire braid 35 is a 16 strand stainless steel braid which runs the length of the 
catheter and is trimmed a few millimeters proximal to the distal end of the 
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TEFLON* liner 40. The distal end of the wire braid 35 is then adhesively bonded 
to the TEFLON® liner 40. Those skilled in the art would recognize that other 
reinforcement means could be used, such as carbon fibers. 

The catheter shaft comprises a plurality of segments overlying the wire 
braid 35 and TEFLON® liner 40. These segments, the 72D shaft tubing 25. the 
55D transition nibing 15. the 35D soft tip tubing 20 and the 72D plug tubing 45 
are made from PEBAX®. Although other polymers can be found in a suitable 
durometer range. PEBAX®, a polyether block amide copolymer obtainable from 
the Elf Atochem Corporation. Philadelphia. PA. is preferable in catheter design 
because it is an elastomer, has low moisnire absorbancc. offers long term subility 
of material properties, provides high tensile strength and can be processed at 
temperamres in the 400 degree F range as required by commonly available 
extrusion equipment. The segments are abutted as follows. 

The shaft tubing 25 is made from PEBAX® in the hardness range of Shore 
15 durometer D65-D75 and preferably 72D. The transition nibe 15 may have a 
hardness range of Shore durometer 50D - 60D and preferably 55D. Taper the 
end of the 72D Pebax® shaft dibing 25 using an outside taper cutting tool. Cut a 
Shore 55D Pebax® transition tube 15 to 3.7 cm in length and taper the end using 
an inside taper cutting tool. The 3.7 cm length was chosen from an accepuble 
20 range of 2 cm to 18 cm based on anatomical considerations, as 4 cm is the 

average width of the aortic root. Slide the untapered end of the Shore 72D shaft 
Oibing over the braided TEFLON® liner 40 from its disul end. Next slide the 
55D transition mbing 15 onto the mandrel 30 and over the braided TEFLON® 
liner 40 from its distal end such that the tapered end of the 55D transition tubing 
25 15 mates with the tapered end of the 72D shaft nibing. The 72D shaft tubing 25 
and 55D transition tubing 15 can be tapered because the materials are stiff 
enough to retain their shape when melted. The material at the joint will blend 
bener when the mating ends are tapered yielding better bond strength than would 
an abutted end as there is greater surface area over which to blend the materials. 
30 The 55D transition tubing 15 may have a wall thickness of .013 inches (.033 cm) 
and an inner diameter ranging from a minimum of .078 inches for 6F to a 
maximum of .126 inches for lOF. The wire braid 35 extends through the 55D 
transition mbing 15 to offer bener kink resistance and ends preferably at 
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approximately the proximal end of the 35D soft tip tubing 20 to permit m a xi m um 
flexibility in the soft tip 20. The wire braid 35 can stop from 2-3 mm proximal 
to the 35D soft tip and still provide sufficient reinforcement but should not extend 
more that 1/3 of the length of the soft tip 20 into the proximal end of 3SD soft tip 
5 20 to provide optunal soft tip 20 flexibility. At least one inch of the mandxcl 30 
should extend beyond the distal end of the 3SD tip mbe 20 for ease of handling. 

A softer durometer material is used for the soft tip 20 than for the 
transition nibing 15 to give the distal end more flexibility; this aids in tip 
placement. The soft tip 20 may be in the range of Shore 25D to 40D and 

10 preferably 35D. The 35D tip mbe 20 can be made of Pebax®. The 35D tip mbe 
20 preferably has a length of approximately 1 cm prior to trimming and a wall 
thickness of .013 inches (.33 cm) and an inner diameter ranging from a mmimum 
of ,078 inches for 6F to a maximum of .126 inches for lOF. The 1 cm length was 
chosen for handling convenience during the uimming process. Because the 

15 TEFLON® liner 40 extends throughout all three segments (the 72D shaft tubing 
25, the 55D u^nsition nibing 15 and the 35D soft tip tubing 20) lubricity is 
improved and device delivery enhanced. Furthermore, the unitary TEFLON® 
liner 40 extending ihroughout the shaft improves joint strength between the 72D 
shaft tubing 25 and the 55D transition tubing 15 as well as between the 55D 

20 transition tubing 15 and the 35D soft tip tubing 20. 

Slide a Shore 72D Durometer plug tube 45 of approximately 1 cm onto the 
distal end of the mandrel 30 until it butts against the distal edge of the 35D soft 
tip tubing. The plug tube 45 can be made of Pebax®. Leave approximately 15.2 
cm or 6 inches of mandrel 30 extending distally beyond the assembly for handling 

25 convenience. 

Slide a segment of TEFLON® fluorinaied ethylene propylene (FEP) heat 
shrink tubing 10 over the entire assembly with approximately 1 cm of heat shrink 
extending beyond the distal end of the 72D plug tube 45 and over the mandrel 30. 
Heat shrink mbing such as that from Zeus Industrial can be used. Ensure that the 
30 joint between the 55D transition mbing 15 and the 35D soft tip tubing 20 is 
approximately 15.9 cm from die distal end of the mandrel 30 for handling 
convenience. 
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The outer jacket is molded when the heat shrink 10 is heated by any 
suitable means to fuse the segments. For example, radiant healing or conduction 
heating can be used. Heal shrink tubing 10 contraction, when coupled with 
heating the tip materials causes them to expand, resulting in the materials 
5 blending and Howing into one another. A lap joint between the materials is 
produced. Those skilled in the an would recognize diat different time and 
temperamre combinations would be suiuble as lime and temperamre vary 
inversely. 

To achieve bonding, the time and temperature selected must be sufficient 

10 lo render the materials flowable. Temperatures which are too high will result in a 
brittle product. Temperatures which are too low will result in improper fusion. A 
suitable convection oven temperature for outer jacket molding includes 185 
degrees centigrade. This temperature should be maintained for approximately 7 
to 8 minutes depending on the size catheter being molded. Those skilled in the 

15 an would recognize that different time and temperature combinations would be 
suitable as time and temperature vary inversely. Referring to Fig. .2, the heat 
source causes the catheter shaft mbing 25, the transition mbing 15, the soft tip 
wbing 20 and the plug mbing, 45 to become flowable while die heat shrink 10 
contracts both radially and longimdinally thereby colliding all segments. This 

20 results in a lap joint between each segment. 

The heat shrink tubing 10 is removed with a razor blade and the molded 
tip assembly is cut lo length. The distal end is trimmed back to a point within the 
35D soft tip mbing to result in a tip length of 2.5 mm distal to the 55D transition 
mbing 15. Lengths, that are much longer are undesirable because the soft tip 20 is 

25 not structurally rigid and may fold back upon itself and cause difficulty with device 
passage. The mandrel 30 is removed from the inside of the now bonded assembly. 
Fig. 3 shows the enlarged longinidinal cross section of the distal end portion of the 
molded assembly of Fig. 2. 

After outer jacket molding, the soft tip 20 is formed. Extending the 

30 TEFLON® liner 40 to the disul end of the soft tip tubing improves lubricity. The 
uniury liner also improves joint strength between the 35D soft lip 20 and the 55D 
transition mbing 15 but results in a tip that is too sharp. To remedy this, a soft tip 
20 tapered distal edge which overlaps and shields the TEFLON® liner 40 and can 
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be created as foUows to blum the sharp TEFLON* liiier 40. See Figure 4. 
Taking the assembly from the outer jacket molding process, insert a mandrel 30 
into the distal end of the assembly such that at least 1 uich protrudes from the 
distal tip of the assembly. Apply approximately 2 inches of heat shrink tubing 110 
5 over the distal end of the assembly such that the heat shrink 110 extends one-half 
to one centimeter beyond the proximal and distal ends of the soft tip 20 material 
as seen in Fig. 4. Next insert the assembly (until the soft tip 20 material can no 
longer be seen) into a preheated forming die. as for example, a hot block 
consisting of a brass cylinder with and external band heater. Dwell at a 
10 temperamre of 400 degrees F. This temperature is maintained for approximately 
7 to 8 seconds depending on the size catheter being molded. Those skilled in the 
art would recognize that different time and temperature combinations would be 
suitable as time and temperature vary inversely. Remove the assembly from the 
forming die. The heat shrink 110 will have contracted about the soft tip 20 as 
15 seen in Fig. 5. After the assembly has cooled for at least 10 seconds, remove the 
heat shrink tubing 110. Remove the supporting mandrel 30. As seen in Fig. 6, 
the contraction of the heat shrink 110 will have caused the 35D soft tip 20 
material to flow and draw the distal end of the 35D soft tip 20 approximately .5 
mm over the distal end of the TEFLON® liner 40, thereby covering the exposed 
20 TEFLON® liner 40 by creating a somewhat radiused. overhanging edge 65. 

Applicants reinforced soft tip 20 with an unreinforced rounded edge 65 is 
advanugeous. A rounded edge 65 shielding the exposed TEFLON® liner 40 
reduces trauma in body cavities. It is common to deliver such devices as balloon 
catheters, stents or atherectomy devices through guiding catheters. Having a short 
25 unreinforced soft tip edge 65 of .5 mm is advantageous because it diminishes the 
likelihood of devices snagging during device delivery. Soft tips on guide catheters 
deflect easily, especially if they are unreinforced. Unreinforced soft tips of two 
mm or more increase the likelihood of devices snagging during delivery. 
Unreinforced soft tips of less than 1 mm reduce the likelihood of a device 
snagging. Applicant's soft tip 20 having the TEFLON® liner 40 throughout the 
soft tip 20 provides increased stiffness which ftjrther avoids devices snagging 
during deployment. 
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The preceding specific embodiments :are iilu&trative ^6f the practice of the 

invemion. It is to be understood, however, that other expedients known to those 
skilled in the an or disclosed herein, may be employed without departing from the 
spirit of the invention or the scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1. A catheter comprising: 

an elongated core having a unitary lubricous liner and a rl^n^ment 
means, the lubricous liner having a distal end, an outer diameter and a *:S«jnial 
5 end, the lubricous liner defining at least one lumen, the lubricous liner having the 
reinforcement means over the outer diameter and fused to the lubricous liner, the 
reinforcement means terminating proximal to the distal end of the lubricous liner; 

an elongated shaft tube having a distal end and a proximal end, the shaft 
nibe defining a shaft mbe lumen, the shaft tube lumen sized to receive the core. 
10 the core extending longimdinally through the shaft wbe lumen, the shaft tube 
being fused to the core; 

an elongated transition tube having a disul end and a proximal end, the 
transition tube defining a transition nibe lumen, the transition tube lumen being 
sized to receive the core, the core extending longimdinally through the transition 
15 tube lumen, the distal end of the shaft mbe being fused to the proximal end of the 
transition mbe, the transition mbe being ftised to the core, the transition mbe 
being made of softer material dian the shaft mbe; and 

an elongated tip tube having a distal end and a proximal end, the tip mbe 
being made of softer material then the transition mbe. the tip mbe defining a tip 
20 cube lumen, the tip mbe being sized to receive the core, the core extending 
longitudinally through the lip mbe lumen, the distal end of the transition mbe 
being fused to the proxinul end of the tip mbe, the tip mbe being fiised to the 
core distal to »H5 uistal end of the reinforcement means, the distal end of the tip 
mbe forming a unitary rounded edge which curves over the distal end of the 
25 lubricous liner such that the distal end of the lubricous liner is not exposed. 

2. The catheter of claim 1 wherein the shaft mbe is made from a polymer 
material exhibiting a hardness in the range of Shore durometer 65D to 75D. 

3. The catheter of claim 1 wherein the transition mbe is made from a polymer 
material exhibiting a hardness in the range of Shore durometer 50D to 60D. 

30 4. The catheter of claim 1 wherein the tip mbe is made from a polymer 
material exhibiting a hardness in the range of Shore durometer 25D - 40D. 
5. The catheter of claim 1 wherein die shaft mbe distal end and the transition 
mbe proximal end have complimentary tapers. 
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6 The catheter of claim 1 w'herein the lubricous liner is made of a 

fluoropolymer'lnaierial. > 

7. catheter of claim I wherein the shaft tube, or transition tube or the tip 
mbe may be made from a polyether block amide copolymer material. 

8. The catheter of claim 1 wherein the tip wbe is fused to the core between 2 
- 3 mm distal to the distal end of the reinforcement means. 

9. The catheter of claim 1 wherein the tip mbe is fused to the core such that 
the distal end of the reinforcement means extends under the proximal end of the 
tip wbe for not more than one third of the length of the tip mbe. 

10. The catheter of claim 1 wherein the transition tube has a length of 
approximately 3 . 7 cm . 

11. The catheter of claim 1 wherein the tip nibe has a length of approximately 



2.5 mm. 

12. The catheter of claim I wherein the rounded edge extends approximately .5 
15 mm distally beyond the lubricous liner. 

13. The catheter of claim 1 wherein the reinforcement means comprises a wire 

braid. 

14. A method of manufacmring a catheter comprising the steps of: . 
providing a catheter subassembly having a core comprising a lubricous liner 

20 and a reinforcemem means, the lubricous liner having a distal end. an outer 

diameter and a proximal end. the lubricous liner defining at least one lumen, the 
lubricous liner having the reinforcement means over the outer diameter and fused 
to the lubricous liner, the reinforcement means terminating proximal to the distal 
end of the lubricous liner; 

25 placing an elongated shaft wbe over the proximal end of the core; 

placing an elongated transiUon wbe of softer material than the shaft wbe 
over the disial end of the core and abutting the disul end of the shaft wbe to the 
proximal eni of the transition wbe; 

placmg an elongated tip wbe of softer material then the transition wbe 

30 over the disul end of the core and abutting the disul end of the transition wbe to 
the proximal end of the tip mbe such that the disul end of the reinforcemem 
means ends approximately at the proximal end of the tip wbe; 
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placing* a tube of heat shrink over at least, a portion of the shaft tube, 
transition tube and tip tube; 

heating the heat shrink to fuse the core to the shaft nibe, to fuse the 
oransition tube and tip tube, to fuse the distal end of the shaft tube to the 
5 proximal end of the transition tube and to fuse the distal end of the transition 
tube to the proximal end of the tip tube; 

removing the heat shrink; 

trimming oH a portion of the soft tip tubing; 

placing a mbe of heat shrink over the tip tube such that the heat shrink 
10 extends beyond the distal end and beyond the proximal end of the tip tube; and 

applying heat to the tip tube causing the tip material to flow and the heat 
shrink to draw the distal end of the tip tube over the distal end of the lubricous 
liner forming a unitary rounded edge covering the lubricous liner. 

15. The method of claim 14 wherein the shaft tube distal end and the 
15 transition tube proximal end have complimentary tapers. 

16. The method of claim 14 wherein the tip tube has a length of approximately 
2.5 mm. 

17. The method of claim 14 wherein the transition tube has a length of 
approximately 3.7 cm. mm. 

20 18. The method of claim 14 wherein the distal end of the reinforcement means 
ends not less then approximately 2-3 mm proximal to the proximal end of the tip 
tube and not more then approximately 1/3 of the length of the tip tube from the 
proximal end of the tip tube. 

19. The method of claim 14 wherein the reinforcement means comprises a wire 
25 braid. 

20. The method of claim 14 wherein the transition mbe is made from a 
polymer material exhibiting a hardness in the range of Shore durometer SOD to 
60D. 

21. The method of claim 14 wherein the tip mbe is made from a polymer 
30 material exhibiting a hardness in the range of Shore durometer 25D - 40D. 

22. The method of claim 14 wherein the rounded edge extends approximately 
.5 mm distally beyond the lubricous liner. 

23. A method of manufacturing a catheter comprising the steps of: 
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providing a catheter taving a lubricous liner 
throughout the catheter, the lubricous liner defining at least one lumen: 

placing a wbe of heat shrink over the distal end of the catheter such that 
the heat shrink extends beyond the distal end of the catheter: and 
5 applying heat to the heat shrink causing the material. at the distal end of 

the catheter to flow and the heat shrink to draw the distal end of the catheter 
over the disul emi of the lubricous liner thereby forming a unitary rounded edge 
covering the lubricous liner. 

24. The method of claim 14 wherein the rounded edge extends approximately 
10 .5 mm distally beyond the lubricous liner. 

25. The method of claim 23 wherein the rounded edge extends approximately 
.5 mm distally beyond the lubricous liner. 
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